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The superspace, with no doubts, is a key idea of the supersymmetry concept. By its essence
[1], the superspace is an extension of the usual Minkowski spacetime involving additional fermionic coordinates. Within the traditional supersymmetry, these extra coordinates obey the Grassmannian anticommutation relations, and the superfields are introduced as functions on the superspace.
Further, all well-developed methodology of quantum field theories can be directly generalized for the superfields which allowed to elaborate supersymmetric extensions for the scalar field theories, gauge theories and gravity, and to study the properties of these supersymmetric theories on a quantum level.
A nontrivial generalization of the superspace concept has been proposed in [2] where a deformation of the supersymmetry algebra was introduced. Following this concept, one should suggest that the fermionic superspace coordinates obey the Clifford anticommutation relations instead of the Grassmann ones. As a result, some of anticommutation relations defining the supersymmetry algebra turns out to be broken which implies in a so-called N = 1 2 supersymmetry. One can note that, from a formal viewpoint, introduction of the Clifford anticommutation relations, involving the constant symmetric matrix, implements some special form of the Lorentz symmetry breaking in supersymmetric field theories different from the Berger-Kostelecky approach [3] where the deformation of the supersymmetry algebra is introduced in other way. At the same time, the Clifford anticommutation relations naturally imply in formulating the Moyal product for the superfield, which, however, unlike the usual Moyal product, contains only a finite number of terms.
The concept of N = 1 2 supersymmetry (also called the noncommutative superspace) possesses some deep motivations from the superstring theory [4] and has been successfully applied for many four-dimensional superfield theories, such as N = 1 2 Wess-Zumino model whose renormalization properties have been discussed in [5] , N = 1 2 supersymmetric gauge theories whose formulation and renormalizability have been considered in [6] , extended supersymmetric theories, in particular, those ones formulated in terms of the harmonic superspace [7] . The calculation of the superfield effective potential for this kind of theories [8] also deserve to be mentioned.
At the same time, the superspace formulation of the three-dimensional field theories is well defined [1] . Therefore, the generalization of the concept of the noncommutative superspace for the three-dimensional case seems to be very natural and interesting. However, the natural problem arising in this study is well known [9] : while in the four-dimensional case one has two sets of supersymmetry generators Q α andQα, so, deformation of the anticommutation relation between the fermionic coordinates implies only in a partial supersymmetry breaking, in the three-dimensional case such a deformation implies in a complete supersymmetry breaking. It was suggested in [9] by some of us that a natural way to circumvent this difficulty would consist in using of the extended, N = 2 supersymmetric theories from the very beginning, with further this extended supersymmetry is partially broken. However, in [9] , as well as further in [10] where some alternative ways to realize this idea have been proposed, only some studies at the classical level have been carried out.
At the same time, the use of the formulation of N = 2 three-dimensional superspace proposed in [11] , and further applied for the quantum calculations in [12, 13] and [14] , seems to be much more advantageous for development of the noncommutative superspace approach, due to the similarity of the N = 2 supersymmetry algebra in three-dimensional theories within this formulation and the N = 1 supersymmetry algebra in the four-dimensional theories. Therefore, in this paper we formulate the noncommutative superspace with the use of the superspace formulation proposed in [11] .
We start with the following three-dimensional SUSY algebra treated in [14] :
The first step consists in constructing the analogue of the chiral representation for the SUSY algebra different from that one used in [14] . The new SUSY generators consistent with this algebra are:
Here and further,
The corresponding supercovariant derivatives are
These derivatives evidently anticommute with all generators. The commutators of these derivatives between themselves are
The use of the "mixed" mutually conjugated complex spinor coordinates θ α ,θ α considered earlier in [14] , instead of the usual real coordinates θ 1,2 α , allows to use the machinery of the well-developed d = 4 superfield SUSY whose algebra is very similar to the algebra we use here (we note that in the previous paper by some of us [9] namely the real spinor coordinates have been used).
Some more useful relations for spinor derivatives are
Also, one can have the projector-like identities [14] :
where l = 1, 2, 3, . . ..
Then we suppose that one set of the fermionic coordinates, say θ α , satisfy not Grassmann-like, but Clifford-like anticommutation relations:
with all other anticommutators of spinor coordinates continue to be zero. Here, Σ αβ is a constant matrix (actually, it introduces a constant vector by the rule
Lorentz symmetry). This anticommutation relation can be implemented through replacement of all simple products of the spinor coordinates by the Moyal ones. We choose the Moyal product to
It is clear that this product has an equivalent form in terms of the SUSY generators
One also can use the form in terms of the covariant derivatives
This form is more convenient. For the product of the same fields, one will have
where Σ 2 ≡ Σ αβ Σ αβ . It is clear that the simplest Moyal commutator is {θ α , θ β } * = 2Σ αβ which is consistent with our suggestion. It is clear that the Moyal product (8) represents itself as a finite series for any superfields. It is clear also that for any two superfields Φ 1 and Φ 2 one has
so, under the sign of the integral, for any two superfields, the Moyal product is equivalent to the usual product. Also, since {Q α , Q β } = 0, this product will be associative. We also note that since the supercovariant derivatives developed by us involve explicitly only multiplication byθ α , none of the identities (5,6) is affected by the Moyal product. One should observe also that only the supersymmetry transformations involving the generators Q α are consistent with the Clifford-like anticommutation relations for spinor coordinates, therefore, we can treat the supersymmetry in our case to be partially broken, as in the four-dimensional case, see f.e. [2] . So, we can speak about N = 2/2 supersymmetry. One can notice that since the Moyal product (8) does not affect the usual bosonic coordinates, there is no UV/IR mixing in this kind of theories. Now, it is the time to develop consistent field theory models. In principle, it is natural to adopt the examples of the models developed in [14] , that is, the models whose actions formally reproduce the structure of the well-known d = 4 superfield theories. We start with the scalar field theory:
We note that within this theory one can introduce (anti)chiral fields satisfying the relations D αΦ = 0 andD α Φ = 0 (to do it, one can follow the line proposed in the papers [15] ). Actually, the similarity of expression of the derivatives in our case and usual four-dimensional theory establishes a whole similarity of the field theory models. The only difference is the fact that there is only one spinor representation, and, so, some extra commutation relations like {D α ,D α } = 0. Effectively, one can proceed with applying the Moyal product in the coupling terms of this action which will yields (after an integration by parts)
where we used the identities (11), (12) , and (13). We can rewrite the expressions above in terms of component fields
In this paper, we are interested in performing some simple quantum computations. However, we point out that the new vertices (15) and (16) are not the most convenient to deal with quantum calculations, due to the fact that we are not able to use a operatorD 2 , which arises from the chiral functional derivative
, to rewrite chiral integrals as integrals over full superspace. This drawback is due to the fact that the integrands of the new vertices (15) and (16) are not chiral.
In the literature, there are two approaches to overcome these problems. The first one, which was proposed in [16] , consists of introducing a spurion superfield U ≡ Σ 2 θ 2θ2 , such that we can rewrite (17) and (18) as integrals over full superspace
The second one, which was proposed in [17] , consists of introducing a chiral superfield Q 2 Φ=-F(x), such that we can rewrite (17) and (18) as integrals over chiral superspace
Of course, both approaches are equivalent, since both lead to the same results (17) and (18) . In this paper we will make use only of the second one. Therefore, the classical action (14) can be rewritten as
The classical action in this form allow us to derive the Feynman rules for the pertubative expansion of the effective action by the straightforward application of the usual supergraph method [1]. The rules for the propagators
and for the vertices Φ 3 and Φ 4 are the same as those for the undeformed model. However, the rules for the vertices Φ(Q 2 Φ) 2 and Φ 2 (Q 2 Φ) 2 have the additional feature that for (2 − n) of the chiral internal lines leaving a vertex there is a factor Q 2 acting on the corresponding propagator, where n is the number of Q 2 Φ-external lines in the respective vertex.
Let us start with two examples of quantum calculations contributing to the effective action. In the first example, we consider the supergraph of Fig. 1 . 
where S 1 is the symmetry factor. By using the identity Q 2
After solving the integrals, we get
In our next example, we consider the supergraph of Fig. 2 .
2 -vertex, and one Φ 3 -vertex.
It follows from the supergraph of Fig. 2 that
where S 2 is the symmetry factor. Then usingD 2 1 D 2 1D 2 1 = −(p + k) 2D2 1 and integrating the result by parts gives
and (31), we obtain
Finally, integrating the result, we get
We notice that the one-loop quantum corrections for the effective action (29) and (33) are UV-finite.
This is a natural consequence of the low dimensionality of the spacetime, namely d=3. Moreover, we also notice that the corrections (29) and (33) are holomorphic. This result is consistent with the non-renormalization theorem for deformed theories [17] . Now, let us study the low-energy effective action (LEEA). The LEEA is defined as the zeroorder term in the covariant derivative expansion of the effective action of background superfields.
Here, our goal is to calculate the one-loop correction to the LEEA within the model (23). In order to evaluate it we have to expand (23) around a background superfield Φ → Φ + φ andΦ →Φ +φ, and to keep the quadratic terms in quantum fluctuations φ andφ. Therefore, one can show that the one-loop contribution to Γ[Φ,Φ] is given by [18, 19] :
where tr is the matrix trace andĤ is an operator that is obtained from the quadratic terms in quantum fluctuations in the classical action S[Φ + φ,Φ +φ] that we will call of S 2 [Φ,Φ; φ,φ].
Therefore, by using this prescription, we obtain from (23), after an integration by parts,
It is convenient to write the antichiral and chiral superfields in terms of unconstrained superfields, namely Φ =D 2 Ψ,Φ = D 2Ψ , and φ =D 2 ψ,φ = D 2ψ [19] . Putting them in (35), it follows that (35) is invariant under the following Abelian gauge transformation δΨ =Dαωα, and δΨ = D α ω α .
Therefore, to fix the gauge, we add the functional [1]
Since the theory is Abelian, the ghosts associated with this gauge fixing decouple. With all this information, we can sum up (36) and (35) to get
where,Ĥ
and
It is convenient to splitĤ into two parts, namelyĤ ≡Ĥ K +Ĥ W . Therefore, we can rewrite (34) as
The first term in (41) can be calculated following the same steps as in [19] , then we can simply repeat all this procedure. Therefore, after the calculation of the matrix and functional trace, we get Γ
(1)
By integrating and substituting the expressions (39), we get
This result corresponds to the one-loop Kähler effective potential, it is UV-finite, and we notice that the functional structure of (45) does not involve any logarithmlike dependence, which is usually found in four-dimensional theories. One can point out that the one-loop finiteness is a characteristic feature of the three-dimensional (in particular, supersymmetric) theories, see f.e. [21] . Besides, in the limit Σ → 0, we recover the one-loop Kähler effective potential for the commutative theory studied in [13] . It is worth to point out that if we had "turned off" the quartic interaction (g = 0), we would have got the undeformed result in (45). In other words, we would have got the one-loop
Kähler effective potential with unbroken N = 2 supersymmetry.
Let us move on and calculate the second term in (41), then we have
By calculating the matrix trace and writing the integral over whole superspace as
we get
This is the exact result. However, the integral in (47) is very complicated due to the fact that we are considering Q α Φ = 0. In order to perform the integral above, we will consider the approximation in which Σ is very small. This approximation is reasonable, since we are calculating the LEEA and at low-energies is expected that Σ be small. Therefore, we can rewrite (47) as
Finally, turning off the antichiral superfield (Φ = 0 ⇒μ =m), we obtain Γ (1)
This result corresponds to the one-loop chiral effective potential. We notice that in the limit Σ → 0, we get from (47) and (49), Γ
(1) W = 0, which is consistent with the vanishing of the one-loop chiral effective potential for the commutative theory, as argued in [13] . From the result (47), we can infer that the higher-order terms in (49) are UV-finite. The argument is similar to that used in [20] and goes as follows: if we expand the logarithm in (47), only one of the factors Q 2 will act on
, so that every time that Q 2 acts on G(k 2 ) the UV convergence will not be worsened, on the contrary, Q α G(k 2 ) ∼ 1 k 4 . Since (48) is UV-finite and every time that Q 2 acts on G(k 2 ) the UV-convergence will be improved, it follows that the higher-order terms in (49) will be UV finite.
We developed a new formulation of the three-dimensional noncommutative superspace which turns out to be more convenient for the superfield calculation than those ones described in [9] .
Within this description, one can straightforwardly use all methods and approaches which have been well developed for the four-dimensional noncommutative superfield theories. In particular, just as it takes place in the four-dimensional field theories, one should introduce a partial breaking of the N = 2 supersymmetry to implement the fermionic noncommutativity. We have constructed the chiral superfield model within this approach and explicitly calculated the two-point function and the one-loop low-energy effective action for this theory.
It is interesting to note that in this theory, from a formal viewpoint one meets the Lorentz symmetry breaking introduced through a constant matrix Σ αβ which is equivalent to a constant
(γ m ) αβ Σ αβ . However, all quantum corrections we found are Lorentz invariant since they include the dependence on the noncommutativity matrix only in a special form Σ 2 = Σ αβ Σ αβ .
This resembles the fact that within other Lorentz-breaking extension of the superfield approach, that is, the so-called aether superspace [22] , the Lorentz-breaking parameters enter the final result also through a constant factor representing itself as a determinant of some matrix depending on the Lorentz-breaking parameter.
The natural continuation of this study would consist in introducing the supergauge symmetry and models for supergauge field within this methodology. We are planning to do this in a forthcoming paper.
